Abstract. Both meson photoproduction and semi-inclusive deep inelastic scattering can potentially probe transversity properties of the nucleon. We explore how that potential can be realized dynamically. The role of rescattering in both exclusive and inclusive meson production as a source for single spin asymmetries is examined. Using a dynamical model, we evaluate the spin independent cos 2φ asymmetry associated with transversity of quarks inside unpolarized hadrons, at HERMES kinematics. We also explore the effects of rescattering on the transversity distribution of the nucleon.
Transversity
It is well known that the leading twist transversity distribution h 1 (x) [1] and its first moment, the tensor charge, being chiral odd cannot be accessed in deep inelastic scattering. However, h 1 (x) can be probed when at least two hadrons are present, e.g. Drell Yan [2] or semi-inclusive deep inelastic scattering (SIDIS). In the latter process at leading twist, the property of quark transversity can be measured via the azimuthal asymmetry in the fragmenting hadron's momentum and spin distributions. For example, spinless hadrons produced in the so-called Collins asymmetry [3] depend on the transverse momentum of quarks in the target, k T , and fragmentation functions, p T [4] . Including transverse momentum leads to an increase in the number of leading twist distribution and fragmentation functions (e.g. h 1T (x, k T ), h ⊥ 1T (x, k T ), H ⊥ 1 (z, p T )). Allowing time reversal odd (T -odd) quark distribution functions [5, 6, 7] 
suggests they enter the semi-inclusive unpolarized momentum, and polarized spin, asymmetries. That is, the distribution f ⊥ 1T (x, k T ) representing the number density of unpolarized quarks in transversely polarized nucleons, maybe entering the recent measurements of SSAs at HERMES and SMC in semi-inclusive pion electroproduction [8] . Alternatively, h ⊥ 1 (x, k T ) which describes the transfer of transversity to quarks inside unpolarized hadrons may enter transverse momentum dependent asymmetries. Beyond the T -odd properties, the existence of these distributions are a signal of the essential role played by the intrinsic transverse quark momentum and the corresponding angular momentum of quarks inside the target and fragmenting hadrons in these hard scattering processes.
Further insight into transversity has come from analyzing quark-target helicity flip amplitudes in deeply virtual Compton scattering (DVCS) [9] . Angular momentum conservation requires that helicity changes are accompanied by transferring 1 or 2 units of orbital angular momentum; again highlighting the essential role of intrinsic k T and orbital angular momentum in determining transversity.
The Exchange Picture
The interdependence of transversity on quark orbital angular momentum and k T is more general than suggested in the above discussion on SSAs and the GPD analysis of transversity. This behavior arises in ref. [10] where we study the vertex function associated with the tensor charge in exclusive meson production. Again, angular momentum conservation results in the transfer of orbital angular momentum ℓ = 1 carried by the dominant J PC = 1 +− mesons to compensate for the non-conservation of helicity across the vertex. Transverse momentum dependence arises from the axial vector mesons that dominate the tensor coupling (They are the C-odd -h 1 (1170), h 1 (1380), b 1 (1235)). These mesons are in the (35 ⊗ ℓ = 1) multiplet of the SU (6) ⊗ O(3) symmetry group that best represents the mass symmetry among the low lying mesons. Along with axial vector dominance this symmetry results in the isoscalar and isovector contribution to the tensor charge
Each depends on two powers of the average intrinsic quark momentum k 2 T , because the tensor couplings involve helicty flips associated with kinematic factors of 3-momentum transfer. as required by angular momentum conservation.
The k T dependence can be understood on fairly general grounds from the kinematics of the exchange picture in exclusive pseudoscalar meson photoproduction. For large s and relatively small momentum transfer t simple combinations of the four helicity amplitudes involve definite parity exchanges. The four independent helicity amplitudes can have the minimum kinematically allowed powers,
However, in single hadron exchange (or Regge pole exchange) parity conservation requires f 1 = ± f 4 and f 2 = ∓ f 3 for even/odd parity exchanges. These pair relations, along with a single hadron exchange model, force f 2 to behave like f 3 for small t. This introduces the k 2 T factor into f 2 . However for a non-zero polarized target asymmetry to arise there must be interference between single helicity flip and non-flip and/or double flip amplitudes. Thus this asymmetry must arise from rescattering corrections (or Regge cuts or eikonalization or loop corrections) to single hadron exchanges. That is, one of the amplitudes in
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Rescattering and SIDIS
Recently a rescattering approach was applied to the calculation of SSA in pion electroproduction, using a QCD motivated quark-diquark model of the nucleon [12] (BHS). In Ref. [13, 6 ] the rescattering effect is interpreted as giving rise to the T -odd Sivers [14] f ⊥ 1T function; the number density of unpolarized quarks in a transversely polarized target. Being T -odd, this asymmetry vanishes at tree level. The important lesson beyond the model calculation, is that, theoretically, final state interactions are essential for producing non-zero SSAs. Furthermore, the phenomenological determination of quark spin distributions can be disentangled from measurements of SSAs.
We have investigated the rescattering contributions to the transversity distribution h 1 (x) and the T -odd function h ⊥ 1 (x) and corresponding asymmetries in SIDIS. Collins [3] considered one such process, the production of pions from transversely polarized quarks in a transversely polarized target. The corresponding SSA involves the convolution of the transversity distribution function and the T -odd fragmentation function, h 1 (x) ⋆ H ⊥ 1 (z) [15, 16] . The transversity distribution function is defined through the light-cone quark distribution with gauge link indicated,
where e 1 is the charge of the struck quark and n represents intermediate diquark states. Integration over q µ , the gluon momentum we obtain
where Λ(k
. The (Abelian) gluon mass (usually chosen at λ g ≈ 1 GeV ) is indicative of χSB scale and appears here to regulate the IR divergence. This one loop contribution constitutes the next order term in an eikonalization. The first part has the same nucleon spin dependent structure as a tree level model calculation (modified by the log terms) -it is leading twist and a combination of h 1T (x, k T ) and h ⊥ 1T (x, k T ). The second part has a different structure than tree level -it appears as a rescattering effect only. It is IR finite and, in this model, is proportional to the one loop result for f ⊥ 1T [13] and P y in BHS. The ratio of from the tree level. When combined with a measure of transversely polarized quarks, the fragmentation function H ⊥ 1 (z), the integrated h 1 (x) will contribute to the observable weighted meson azimuthal asymmetry from a transversely polarized nucleon [4, 16] .
As mentioned in the introduction, the T -odd structure function h ⊥ 1 (x, k T ) is of great interest theoretically, since it vanishes at tree level, and experimentally, since its determination does not involve polarized nucleons. Repeating the calculation above without nucleon polarization leads to the result [17] 
It is leading twist and IR finite. Being T -odd it will appear in SIDIS observables along with T -odd fragmentation functions. In particular, the following weighted semiinclusive DIS cross section projects out a leading cos 2φ asymmetry [16] ,
where the subscript UU indicates unpolarized beam and target(Note: The non-vanishing cos 2φ asymmetry originating from kinematical and dynamical effects only appears at order 1/Q 2 [18, 4, 19] ). The functions h ⊥(1) 1 (x) and H ⊥ (1) 1 (z) are the weighted moments of the distribution and fragmentation functions
k T , p T , are the transverse momentum of the quark in the target proton, and fragmenting quark respectively and M, M h are the mass of the target proton and produced hadron. We evaluate the cos 2φ UU asymmetry obtained from the approximation,
Transversity in Exclusive and Inclusive Processes February 1, 2008 in the HERMES kinematic range corresponding to 1 GeV 2 ≤ Q 2 ≤ 15 GeV 2 , 4.5 GeV ≤ E π ≤ 13.5 GeV, 0.2 ≤ z ≤ 0.7, 0.2 ≤ y ≤ 0.8, and taking P 2 h⊥ = 0.25 GeV 2 as input. The Collins ansatz [3, 4] for the analyzing power of transversely polarized quark fragmentation function H ⊥(1) 1 (z), has been adopted [20] . For D 1 (z), the simple parameterization from Ref. [21] was used. In Fig1 the cos 2φ UU of Eq.(6) for π + production on a proton target is presented as a function of x and z, respectively. Using Λ QCD = 0.2 GeV and µ = 0.8 GeV , Fig.1 indicates that the cos 2φ asymmetry related to is large enough (about 8%) to be measured [22] .
Conclusions
The interdependence of intrinsic transverse quark momentum and angular momentum conservation are intimately tied with the studies of transversity. This is demonstrated from analyses of the tensor charge in the context of the vector dominance approach to exclusive meson photo-production, to SSAs in SIDIS [10] . In the study of the tensor charge we find k 2 T factor that appears in rescattering models in meson photoproduction where interference phenomena are non-zero due to rescattering. In the case of unpolarized beam and target we have predicted at HERMES energies the sizable cos 2φ asymmetry associated with the asymmetric distributions of transversely polarized quarks inside of unpolarized hadrons.
